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ABSTRA~

In 1992, the LAMPF optically pumped polarized ion source (OPPIS)
was used in experiments demanding a wide range of currents and polar-
izations. OPPIS was operated in differen[ configuration~ to meet the
differing current and polarization requirements for each experiment,
We describe methods used to increase beam polarization at the expense
of current for experiments that were count rate limited. OPPIS can be
operated at 50 pA, giving 56% polarization, 25 pA with 65%) po-
larization, or 2 pA with 77% polarization. The source reliability in
1992 was excellent, easily exceeding 95%, Contributions to experimen-
tal systematic errors made by the source were measured in 1992. We
speculate about further improvements that can be mnde to OPPIS.

A more complete description of OPPIS can be found elsewhere. 1
There arc many factors that affect its performance. Some of these, such
m the design of the ECR sourc.c, ECR extraction optics, or thickness of
the alkali vapor in the ionizer cell, primarily nffect the beam intensity,
1. O[hcrs, SUCII;M the mugnetic field at the polarizer CCIIor design of
the Sorm region, affect the H- beam polarization, P. There arc many
v;~riablcs, however, that affect I and P simu!tnncously - usually in such ii

way thnt there is z tradeoff hctwccn the two. Understanding the vnri-
nblcs ;~nd how to compromise Iwlwccn I and P has idlowed us to mmn
[hc needs of di ffcrcnt cxpcrimcntcrs during the 1,AMPI: 1992 run cycle.

Onc way of triding P for I is by vmyin~ [hc thickness of the p(~-
lilri7.C(.l K vnpor tilrgd, Thc H- kiin] intensity incrci]ses Ii[]ciirly wi[h K
v:lp[)r thickness over :1wide rimgc of tm-get [I]i{. -knesscs. However, the
Vi]p)r [hickncss [hilt con bc pumped to ll]ilXilll[lll]p(~l:]ri?.iltionis rcs[ric-
tcd by the Iimi[ml liis~~ power ilnd ri~(liiltiot~trilpping. ‘Ibis rcl:~[ionship
11;1sbeen reported 13yninny. I0~~~!4

Ano[hcr fii~~orttiiit dc[crminc:; the rclillionship txqwccn 1 i~n(l P is

the ~:c~]mclryof tllc cx[rilu[ion optics of Ihc lX’R SOUK’l!, ‘IIK’ lllilSlllil

IL!IIShilS;1l’lL*Xii~OIlii]L’lOS~-l)ii~k~d :irriiy Of 1.() rIUII diilil]C(Cr holCS wi[h
().25 111111Spiic.ing twlwccrr holes, ‘h II+ ~.urrrnl Cxlr:l(.tcd fronl tlw
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ECR (like the final H- beam) is proportional to the total extraction area
and therefore the number of holes in the array; arrays of 7, 19, and 37
holes were used in 1992. The array size determines the diameter of the
H+ beam in the K cell. The K is more highly polarized along the axis
of the polarizer cell because of depolarizing wall collisions at the walls
and a higher laser intensity on the axis. Thus, the polarization is higher
when more HO beam is formed near the axis of the cell.

The range of I and P is also affected by apcrturing the beam in
the 750 kV transport line. This result indicates a spatial dependence in
the beam polarization. With a smaller aperture, current is lost, but the
polarization is increased.

Figure 1 demonstrates how different source operating parameters
can produce different values of I and P. Data taken with three different
H+ ?wam diameters show how P is increased at the cost of 1, For each
extraction geometry, the thickness of the K in the polarizer cell can be
varied to give a range of source performance. The figure also shows
how the polarization can be increased by inserting a small aperture at
750 kV.

In 1992, we examined contributions that OPPIS might make [o
systematic errors in precise experirnents.5 These measurements, dc-
scibed in the next two paragraphs, were made while the source was in
normal operation with the 19-hole ECR extraction array and wi(h no
aperture in the 750 kV beam line.

Systematic errors will result if the position, polarization, or cur-
rent of the beam fluctuates in a way correlated to its spin sta[c. Wc
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Fig. 2 (a) ln[cnsity asymmcuy i and (h) polarization asymmetry p vs. time. The time

interval was from June 15 to July 25, 1992, during normal C)PPIS lwam production.

In some cases, data from .scvcral days have hccn cornbincd, when [he twain was off for

a long lime.

measured the motion of the 5 mm diameter beam to be O +/- 0.01 mm.
The asymmetry in the intensity, i = (1+ - 1-)/(1+ - 1-), averaged
(-12 +/- 5) x 10-5 over a month long period. The usymmetry in the
polarization, p = (P+ - P-)/2, averaged (-5 +/- 5) x 10-4. Figure 2
shows i and p rrwasured daily over a month.

There arc other characteristics of the source that an experimenter
may IL:cd to know in order to avoid systematic errors, Depending upon
the lir.~c tune, the center of the full energy 800 McV beam had relative
polmzations of up to 3% higher thnn the outer edge. Ile beam pulses
are produced at 120 Hz, each about 850 ps long. Under some concli -
tions, the relative polarization at thu beginning of [he pulse was up to
2% higher than at the end.

Tnblc 1outlines the performimcc of OPPIS since 1989. Tlwrc arc
still some mmli fications that should bc cxplorml to improve the perfor-
m:lncc of OPPIS. Mcnsurcmcnts made at ‘1’RIUMF6 confirm
~i]lctll~tionsv showing [hat higher poliwizntions i~rc (h(i~ind if the mi]g-
nctic field at the p(llilri ZCr C(!II is increased. Well over 10% relative in]-
pr(wcmcnt in polarizilti(m with no loss in current ~iin k cx cctcd if il
lT~il~ll~t of higher field is i nsti~lld. Swdics sI][)w lh:~t the H$ h~illll in-
tcmsity from the I{(’R is s[ill limited by the iln]ount of iiviiiliihl~ rf
power. ‘[k OVl!rilllsource pcrf(mnimcc is Iimitcd by [Ilc Inscr power

i]v:iil:ihl~, i~n(l (Ii][il indici~[~! th;]t the K Vilpor is ICSS polilri~d ncilr th~
Wi]lls [hiIll in tl]c untcr 01 th~ tnrgct, ‘I”hcrc!orc, more lnscr power

W(wld impr(wc the ~wrrmt ill)d polilfi7.:ltioll” (}( IIW s(mrcc,
III conclusion, 01’1’1S hils pr(~vml to bc il source of r~mn~i]rkiibl~

Wrsillilily. ‘IIIL- rilllg(! 01 i tS rurrenl illld polilri7,illio[i” L’illl k llilliltlCCll 10
il~’~oll]lll o(!iitl’” ;1 wide r:ln~c of (’~lllillld!+f’nm L!xPWillWilts, ( )l’l’llS r~’li:l-



bility was well over 95% in 1992. The optically pumped source is well
suited for high precision experiments, such ‘as charge symmetry
breaking or parity violation. There are many avenues that promise
even better performance for OPPIS.

ITable I. A history of he Curreni ad poliuization produced hy OPPIS since

its inception.

IImh-Shifl Source ().8 PA 75%) ().45 MA

II 989 OPPIS 4.0 PA 45%: ().81 PA

1990 OPPIS 25pA 55% 7.6 LA

15uA 62!% 5.8 PA

1991 OPPIS 3Up A 60% 14pA

20 II A 64%1 8.2 pA

L
1992 OPPif; 50 PA 56% I(5PA

25 yA 65%1 IIBA
2 VA 775% 1.2DA

1.

2.

3.,

4,

5. .

6.

7,

REFERENCES

R.L York et i.11.,in rrocecdir~s of [hc btcrntttional W~

on so~larizcd Gas Jets, KEK-90-15, 170
(1990).

Y. Mori ct al,, “Repro-t on optical pumping of sodium vapor with n
pulsc(.1 c.lyc Iitscr,” KEK Report 86-2 ( 1986).
l.. Iluchmimn ct ill., in J%oce~j~ Of ~ ~ ~ ~“-

m I%ltizcd km Sm.wcs and Pcdiujxl Gas Jct~, KEK-90- 15, 161
( 19W). illS(J ref. 6,
A.N. Y.clcnski C[ ill., in l’~tij~ , ~- WO*

mJ3110rb3L_Kcs imd J’vkKimMkkki, Kl~K-~)- 15. 154
( I990).
I_).‘1’Upil~[ ill., “Systcmnlic mm in illl Opticillly punlpu.1 polilriy,d
ion s(mrcr. ” wmp[cd for puhlici][ion in Nucl. lns~rum. Methods.
C’,IJ. I’. l~~y ~[ ill., “{)plimizilliml studim of proton polarization in
[Iw “l’RIIJMI; opti~iilly-p(lnl~(.l poli~riz.ld ion source,” :KCL:pIL4for
pul~lici~tionin Nucl. lnstrum. Methods.
1{.A. Ilinds CI iii.,NIICI Ins!rum Mdhods 1~, SW ( lW I ).


